Two 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicalscavenging compounds were isolated from soybean miso. They were determined to be 2,4,4 0 -trihydroxydeoxybenzoin and 3 0 -hydroxydaidzein on the basis of spectroscopic data. In the manufacturing process for soybean miso, 2,4,4 0 -trihydroxydeoxybenzoin appeared during culture aging, and the quantity of it increased in a time-dependent manner.
In the course of our program of isolating antioxidants from soybean miso, a traditional soybean food fermented using Aspergillus oryzae, we have thus far reported eleven 2,2-diphenyl-1-picrylhydrazyl (DPPH) 1) radical-scavenging compounds: p-coumaric acid, ferulic acid, p-hydroxybenzoic acid, syringic acid, vanillic acid, daidzein, genistein, 8-hydroxydaidzein, 8-hydroxygenistein, 6-hydroxydaidzein, and 8-hydroxyglycitein. Four of these compounds, 8-hydroxydaidzein, 8-hydroxygenistein, 6-hydroxydaidzein, and 8-hydroxyglycitein, which exhibited strong DPPH radical-scavenging activity, appeared to be produced by the biotransformation of isoflavones such as daidzein, genistein, and glycitein by A. oryzae in soybean koji at the solid seed culture stage. 2, 3) We have continued to investigate new antioxidants in soybean miso, and recently found two compounds, 2,4,4 0 -trihydroxydeoxybenzoin and 3 0 -hydroxydaidzein, as DPPH radical-scavengers. In this paper, we report the isolation, structural elucidation, and radical-scavenging activities of these two compounds. Further, we describe production of them during the manufacturing process for soybean miso.
Soybean miso (5 kg) was extracted with 8 liters of methanol at room temperature for 1 d. The methanol extract was concentrated in vacuo and defatted with n-hexane. Next it was extracted with ethyl acetate (EtOAc) at pH 3. The resulting extract was successively purified by Diaion HP-20 column chromatography, silica gel column chromatography, ODS MPLC, ODS HPLC, and Sephadex LH-20 column chromatography to yield 1.4 mg of compound 1 and 1.6 mg of compound 2.
The molecular formula of 1 was determined to be C 14 H 12 O 4 on the basis of the HR-FAB MS data on it: , and 157.4 (C-4 0 ) respectively. Furthermore, the key cross peaks in this HMBC spectrum were observed to be as follows: (i) from the methylene protons at H 4.11 to a carbonyl carbon atom ( C 204.4), a carbon atom C-1 ( C 113.6) in the 2,4-dihydroxyphenyl group, and three carbon atoms C-1 0 , C-2 0 , and C-6 0 in the 4-hydroxyphenyl group; (ii) from a methine proton at H 7.84 (H-6) to a carbonyl carbon atom ( C 204.4); and (iii) from two methine protons at H 7.09 (H-2 and H-6) to a methylene carbon atom ( C 44.7). On the basis of all these observations, 1 was determined to be 2,4,4 0 -trihydroxydeoxybenzoin. Thus far, there have been no reports regarding the existence of 2,4,4 0 -trihydroxydeoxybenzoin as a natural product, although it is known as a synthetic compound. 4) Hence this is the first time that a natural product such as soybean miso has been reported to contain 2,4,4 0 -trihydroxydeoxybenzoin.
Compound 2 was identified as 3 0 -hydroxydaidzein on the basis of the spectroscopic data. 3 0 -Hydroxydaidzein has previously been reported to be a metabolite of daidzein in human urine 5, 6) and in the cultures of liver microsomes derived from an Aroclor-induced rat. 7) We have also previously reported the isolation of 3 0 -hydroxydaidzein from dou-chi, a soybean food fermented by A. oryzae, 8) but thus far there have been no reports regarding the isolation of 3 0 -hydroxydaidzein from soybean miso. Hence this study is the first to report the isolation of 3 0 -hydroxydaidzein. The two compounds (1 and 2) obtained in this study and butylhydroxytoluene (BHT) as a positive control were tested for DPPH radical-scavenging activity, and their ED 50 values were calculated. Over a brief y To whom correspondence should be addressed. Fax: +81-54-264-5099; E-mail: sugiyasu@u-shizuoka-ken.ac.jp Abbreviations: HPLC, high-performance liquid chromatography; MPLC, moderate-pressure liquid chromatography; HR-FAB MS, high-resolution fast atom bombardment mass spectroscopy; HMBC, heteronuclear multiple-bond correlation incubation time of 30 min, the ED 50 value of 2 was observed to be 22.7 mM, indicating that the activity of 2 was stronger than that of BHT (ED 50 : 36.5 mM). In contrast, the ED 50 value of 1 was observed to be 905 mM over an incubation time of 3 h, indicating that the DPPH radical-scavenging activity of 1 was weak. However, the DPPH radical-scavenging activity of 1 was stronger than that of daidzein because the ED 50 value of daidzein was observed to be 990 mM over an incubation time of 48 h.
Next we attempted to determine when 1 was produced during the manufacturing process for soybean miso. Soybean miso samples (5 g) aged for 0, 20, 40, 60, and 100 d were individually extracted with methanol (20 ml) at room temperature for 3 d. These extract were filtered, and the filtrates were concentrated in vacuo. The concentrates were defatted with n-hexane and their pH level was adjusted to 3. The concentrates were then extracted with EtOAc. The resulting EtOAc extracts were dissolved in methanol and analyzed by ODS HPLC.
No peak corresponding to 1 was observed in the sample extracted from soybean miso at the initial stage of aging. However, 1 was observed in the sample extracted from the soybean miso aged for 20 d. The content of 1 in soybean miso aged for 20, 40, 60, and 100 d was observed to be 4.4, 10.2, 13.6, and 23.2 mg/g respectively. These observations indicate that 1 appeared at the initial stages of aging and increased in a time-dependent manner up to 100 d.
It has been reported that a related compound, Odesmethylangolensin, was produced due to biotransformation of daidzein by an anaerobic intestinal bacterium.
9) The structural difference between O-desmethylangolensin and 2,4,4 0 -trihydroxydeoxybenzoin (1) was only that of a methyl group. O-desmethylangolensin is probably a precursor of 1. In addition, it was deduced that daidzein was converted to O-desmethylangolensin via dihydrodaidzein. 10) We have isolated dihydrodaidzein from dou-chi, which undergoes a similar fermentation process using A. oryzae. 8) Although O-desmethylangolensin and dihydrodaidzein were not isolated from soybean miso, these observations and deductions indicate that daidzein is converted to 2,4,4 0 -trihydroxydeoxybenzoin in the aging stages during the manufacturing process for soybean miso. EtOAc extracts from soybean miso aged for 0, 20, 40, 60, and 100 d were dissolved in methanol and analyzed by RP-HPLC using a Capcell-Pak C 18 SG120 column. Solution A (H 2 O þ 0:1% TFA) and solution B (90% CH 3 CN þ 0:1% TFA) were used as the mobile phases. A two-step liner gradient was programmed as follows: 1st step, the concentration of solution B increased from 0% to 25% (from 2 to 7 min); 2nd step, the concentration of solution B increased from 25% to 40% (from 7 to 34 min). The flow rate was 5 ml/min, and the eluent was detected at 254 nm. 2,4,4 0 -Trihydroxydeoxybenzoin was eluted at 28.5 min.
